G-quadruplex formation by single-base mutation or deletion of mitochondrial DNA sequences.
Mitochondrial DNA (mtDNA) mutations could lead to mitochondrial dysfunction, which plays a major role in aging, neurodegeneration, and cancer. Recently, we have highlighted G-quadruplex (G4) formation of putative G4-forming (PQF) mtDNA sequences in cells. Herein, we examine structural variation of G4 formation due to mutation of mtDNA sequences in vitro. The combined circular dichroism (CD), nuclear magnetic resonance (NMR), and polyacrylamide gel electrophoresis (PAGE) results provide complementary insights into the structural variation of the studied G-rich sequence and its mutants. This study illustrates the structural diversity of mt10251, a G-rich mtDNA sequence with a 16-nt loop, (GGGTGGGAGTAGTTCCCTGCTAAGGGAGGG), including the coexistence of a hairpin structure and monomeric, dimeric, and tetrameric G4 structures of mt10251 in 20 mM K+ solution. Moreover, a single-base mutation of mt10251 can cause significant changes in terms of structural populations and polymorphism. In addition, single-base mutations of near-but-not-PQF sequences can potentially change not-G4 to G4 structures. We further found 124 modified PQF sequences due to single-base mutations of near-but-not-PQF sequences in mtDNA. Single-base mutations of mt10251 could make significant changes in its structural variation and some single-base mutated sequences in mtDNA could form G4 structures in vitro. We illustrate the importance of single-base mutations of DNA sequences to the change of G4 formation in vitro. The use of single-base mutations by generating the fourth G-tract and followed by selection in shortening the longest loop size in the near-but-not-PQF sequences was conducted for the G4 formation.